Sources of Flavor Changed Neutral Currents (FCNC) emerge naturally from a well motivated framework called 3-3-1 with right-handed neutrinos model, 331RHN for short, mediated by an extra neutral gauge boson Z . Following previous works we calculate these sources and in addition we derive new ones coming from CP-even and -odd neutral scalars which appear due to their nondiagonal interactions with the physical standard quarks. Furthermore, by using 4 texture zeros for the quark mass matrices, we derive the mass difference terms for the neutral mesons systems
Sources of Flavor Changed Neutral Currents (FCNC) emerge naturally from a well motivated framework called 3-3-1 with right-handed neutrinos model, 331RHN for short, mediated by an extra neutral gauge boson Z . Following previous works we calculate these sources and in addition we derive new ones coming from CP-even and -odd neutral scalars which appear due to their nondiagonal interactions with the physical standard quarks. Furthermore, by using 4 texture zeros for the quark mass matrices, we derive the mass difference terms for the neutral mesons systems K 0 −K 0 , D 0 −D 0 and B 0 −B 0 and show that, though one can discern that the Z contribution is the most relevant one for mesons oscillations purposes, scalars contributions play a role also in this processes and hence it is worthwhile to investigate them and derive new bounds on space of parameters. In particular, studying the B 0 −B 0 system we set the bounds M Z 4.2 TeV and MS 2 , MI 3 7.5 TeV in order to be consistent with the current measurements.
I. INTRODUCTION
The accurate measurements of processes involving neutral mesons oscillations like
have become a great laboratory to check Standard Model (SM) consistency as well as new physics models feasibilities. It is well known that mesons oscillations are forbidden at tree level in the SM, but may be generated by taking into account loop corrections or introducing dimension-6 operators [1] . Experimental precision data up to now are completely consistent with SM predictions regarding mesons oscillations, thus several analysis have been performed in order to test and constrain new models. In the case of 331 models [2, 3] , FCNC arise naturally at tree level in the quark sector because the new neutral gauge boson Z predicted by the model couples differently with the third family, leading to nonuniversal interactions. Up to now it has been thought that this gauge boson was the unique source of FCNC at tree level in the 331 model. Here, we are going to show that there are two other sources induced by CP-even and -odd scalars instead. In this work will be adopting a 4 texture zeros for the quark mass matrices in the calculation of mass difference terms for the neutral mesons systems K 0 −K 0 , D 0 −D 0 and B 0 −B 0 , hence different conclusions may arise in more general approaches. In or- * diegocogollo@df.ufcg.edu.br † aubery.vital@df.ufcg.edu.br ‡ fqueiroz@fnal.gov § patricia.teles@ufabc.edu.br der to explain these novel contributions we are going to put them in perspective, firstly summarizing the key features of the model, and then describing how the scalars interact with the SM quarks.
II. THE MODEL
Our framework is the 331 RHN model [4, 5] , based in the gauge group SU (3) c SU (3) L U (1) N , a direct extension of the electroweak sector of the SM. This model features many of the SM virtues while elegantly providing interesting explanations for dark matter signals [6] and for many theoretical questions, such as number of families [7] among others [8] . Since our goal is to unveil the sources of FCNC we will leave out detailed discussions about the model and give a prompt and sufficient description of it in order to allow the reader to follow our reasoning. For those who are seeking a complete description of the model we recommend the reviews [2] [3] [4] [5] .
A. Fermionic content
Likewise the SM, the leptonic sector is arranged with left-handed fields appearing in triplets,
T , and right-handed ones in singlets, e aR , where a = 1, 2, 3 represents the three generations. In the hadronic sector, the first two families are placed as anti-
T , with i = 1, 2, while the third one is placed as triplet,
T . The first two and the third family of quarks are in dif-ferent representations due to an anomaly cancellation requirement adequately described in previous works [7, 9] . As a consequence of this non-universality in the quark sector, sources of FCNC will arise at tree level in the 331 RHN model as we will show later. Similarly to the SM, these fermions acquire mass through spontaneous symmetry breaking mechanism in the scalar sector presented hereafter.
B. Scalar content
The scalar sector is composed of three scalar triplets namely, The triplet of scalars given in the Eq.(1), will be responsible for generating all fermions masses, except for neutrinos, through the Yukawa lagrangian:
Mass terms for neutrinos are obtained either by dimension five effective operators [11] or by adding a scalar sextet [12] [13] [14] or a scalar anti-triplet [4] . Since the neutrinos masses are completely irrelevant to our discussions we are going to skip to the gauge sector.
C. Gauge sector
In the gauge sector the model recovers the standard gauge bosons and adds five more, known as [16] , have put competitive bounds on the spectrum of the model. The latter provides equivalent constraints on parameter space of the model. We will take Z for simplicity, with no impact on our conclusions. However we highlight that in the 331 RHN the couplings to fermions involving Z are lower than the ones involving the Z, as can be checked in Eq. (10) . How precisely this experimental constraint affects our model is completely out of the scope of this work. Notwithstanding, we are going to be conservative and adopt this lower mass limit throughout our analysis.
So far we have described the main features of the model. The next sections will be devoted to explain-ing how the FCNC emerge in the 331 RHN model, and to quantify them according to recent data.
III. NEUTRAL CURRENTS VIA A GAUGE BOSON EXCHANGE
As aforementioned FCNC is suppressed in the SM at tree level but reveals itself naturally in the 331 RHN model. In the most general case, the neutral gauge bosons of the model namely, Z 1 and Z 2 mix and provide the neutral currents derived in appendix A. However it has been shown previously that Φ, the mixing angle between the physical bosons Z 1 and Z 2 is of the order −3.979 × 10 −3 < Φ < 1.309 × 10 −4 [7] . This lets us explore the limit case Φ = 0, which makes Z 1 ≡ Z and Z 2 ≡ Z , whose masses are given in Eq.(8). Assuming this limit from now on, we may write their neutral currents with the standard quarks in the simple form,
with a = 1, 2, 3 and, (11) with i = 1, 2. We may easily recognize Eq. (9) as the universal interaction among standard quarks and the Z boson. On the other hand, it is evident from Eq.(10) and Eq. (11) that this is not the case for the interactions mediated by the Z boson, because the quarks u 1 ≡ u and u 2 ≡ c couple differently from u 3 ≡ t with Z . Hence we have shown that the Z has non-universal interactions with standard quarks. Summing up the family index a, Eq.(9) becomes,
It is important to emphasize that Eq. (12) is written in the flavor basis. Mass eigenstates are a superposition of these flavor eigenstates and both are related by the well known transformations,
L,R are 3 × 3 unitary matrices which diagonalize the mass matrices for up and down standard quarks. The usual Cabibbo-Kobayashi-Maskawa (CKM) matrix is defined as [17, 18] . Applying the transformations given in Eq. (13) on Eq. (12) we obtain something proportional to,
From Eq. (14) we can verify that due to the unitarity property of these matrices,
, FCNC processes are not present in the interactions mediated by the Z boson. Be that as it may, the Z boson does mediate FCNC processes at tree level, since it is not possible to write these interactions in a condensed form like Eq. (14), as we will clearly show below. First we may notice that Eq.(10) and Eq.(11) can be written as,
We can already distinctly observe that the second terms of Eqs.(15)-(16) contribute to FCNC phenomenon at tree level. Writting Eq. (13) explicitly we find:
with a, b = 1, 2, 3.
Applying Eq. (17) on Eqs. (15)- (16) we obtain the Lagrangian among the physical up and down standard quarks with the Z boson,
in agreement with [19, 20] . These terms lead to the mass difference terms of the mesons system s system for proving weaker constraints).
So far we have found the known sources of FCNC which come from the Z boson, additionally we will derive new ones related to the scalars S 2 and I 3 .
IV. NEUTRAL CURRENTS VIA SCALAR BOSONS EXCHANGE
In this section we will derive the new sources of FCNC coming from the CP-even (S 2 ) and CP-odd (I 0 3 ) neutral scalars by analyzing the Yukawa Lagrangian Eq.(7). Despite having five neutral scalars fields only three of them develop a nonzero vacuum expectation value (vev) to generate mass for all particles. Expanding these fields around their vevs we find
Substituting Eq. (21) into Eq. (7), we obtain the mass matrix for the standard down-quarks in the flavor basis
as well as the standard up-quarks and exotic ones in the flavor basis (u 1 , u 2 , u 3 ) and (u 3 , d 1 , d 2 ) respectively,
where λ s refers to the Yukawa coupling constants defined in Eq.(7). We can clearly check from Eqs. (22)- (24) that the standard quarks do not mix with the exotic ones, justifying our transformations given in Eq. (17) . This conclusion could be different if we had allowed the neutral scalar η 0 develop a non zero vev. This scenario would lead to mixing among the W ± and the V ± and consequently to changes in the W bosons couplings with standard model particles which are largely disfavored by the precise measurements regarding the W ± properties and couplings [21] .
With these matrices we can find the Yukawa Lagrangian Eq. (7) in terms of the physical scalar bases given determined in Eq.(B1)-(B6) in the appendix(B). Through these, we notice that after substituting the transformations given in Eq. (13) [20] . Hereupon we present all terms which contribute to FCNC in the scalar sector,
All parameters which enter in the Eqs. (18)-(27) are known and given in Appendix C. In particular the Yukawa parameters which appear in the Eqs. (25)- (27) are determined by the quarks' masses, and all matrix elements are constrained by the CKM matrix. We obtained all of them by comparing our mass matrices in the Eqs. (22)- (23) with the ones found in [20] . We may notice that the above expressions give us the relations among the scalars and the mixing matrices elements. In other words, they provide the new sources of FCNC in the 331 RHN , that we will explore further.
V. MESON MIXING AT TREE LEVEL
In this section we are going to find the scalars S 2 , I 3 and the Z boson contributions at tree level to the mass difference system of the mesons systems 
These effective Lagrangians are in perfect agreement with previous works [20] in the limit that Z 1 ≡ Z and Z 2 ≡ Z as we are assuming here, and from them, we inherit the subsequently mass difference terms,
Here B and f are the bag parameters and the decay constant of the mesons respectively, and η the leading order QCD corrections [23] . We will be using the numerical values G F = 1.166 × 10 [25] .
The mass difference terms associated with the scalar Lagrangians Eq. (25)- (27) are estimated using the approach described in [24] which is similar to what we have done in the case of the Z boson above. Using this procedure, from Eqs. (25)- (27) we find the new terms which contribute to the mass difference terms of the mesons system,
where A 1 , A 2 and A 3 are the numeric value that we find after summing up all coefficients between curly brackets in the Eq. (25)- (27) 1.6TeV) and the measurements on the mass difference of the mesons [25] .
First of all, we would like to point out that through the Eqs. (5)- (8) we recognize that I 3 and Z masses are determined just by v χ and when we fix the Higgs mass, automatically the mass of S 2 also depends on v χ only. Thereupon our results rest on one free parameter only and as a result we can set strong constraints on the parameter space. Although one can discern that the Z contribution is the most relevant one for mesons oscillations purposes, scalars contributions play a role also in this processes and therefore it is worthwhile to investigate them and derive new bounds on space of parameters.
In FIG.1 we exhibit ∆m K in terms of the Z mass and in FIG.2 as function of the masses of S 2 and I 3 . We distinctly observe that the Z contribution is the most important one while the scalars ones are suppressed. For this reason we can set stronger constraints on the mass of Z . Indeed, in order to (∆m K . This CMS and ATLAS limit may not apply for the case of this 331 model though. We are being conservative and plotting this constraint anyway. The blue curve is the S2 and I3 contribution to (∆mK ) in the model. S2 and I3 have equal contributions to (∆mK ) for this reason we showed only one curve for both. Considering only this contribution we set the limit . This CMS and ATLAS limit may not apply for the case of this 331 model though. We are being conservative and plotting this constraint anyway. The blue curve is the S2 and I3 contribution to (∆mK ) in the model. S2 and I3 have equal contributions to (∆mD) for this reason we showed only one curve for both. Considering only this contribution we set the limit MS 2 ,I 3 1 GeV. 
VI. CONCLUSIONS
In this work we have shown that the Z gauge boson is not the unique source of FCNC in the 331 RHN . Instead we have two new contributions coming from the CP-even and -odd scalar S 2 and I 3 . These account for all possible FCNC processes in the model. We have also built analytical expressions for the mass difference of the meson
d taking into account all terms and assuming a 4 texture zeros approach. It is important to emphasize that in more general setups regarding the quarks mass matrices others contributions may arise affecting our conclusions.
First, we have shown explicitly that, in the limit case Φ = 0, we recover the flavor diagonal interactions of the Z boson with standard quarks and obtain a flavor non-diagonal interaction of them with the new neutral Z boson, which contributes at tree level to FCNC processes and consequently to mass difference terms in perfect agreement with previous works.
In addition we have derived the new ones coming from the scalar namely S 2 and I 3 , and included the current constraints on the Higgs and Z masses and the bounds on the mass differences of these mesons.
Our results are summarized in FIG.1-6 and they rest on one parameter only. Through them we discerned that the Z contributions are the most relevant one for mesons oscillations purposes, we also could be able to strengthen constraints on the masses of the mediators, and in particular, the limits on B The lagrangian that leads us to the FCNC phenomena mediated by the Z 2 boson, which contributes at tree level to the mass difference of the neutral meson systems, is:
N µ , the covariant derivate for triplets, W a µ the symmetrical gauge bosons of the SU (3) L group, B µ the symmetrical gauge boson of the U (1) N group, and λ a the Gell-Mann matrices. Since symmetrical gauge bosons are different from the physical ones we must diagonalize their mass matrices.
In terms of the physical neutral gauge bosons we rewrite (A1) as
where S W is the sine of the Weinberg angle, S Φ is the sine of the mixing angle between the physical gauge bosons Z 1 and Z 2 , g is the SU (2) L coupling constant, h W = 3−4S 
